. Additional tests for interaction between cardiac-specific N2-Bus and sHSPs. (A) Direct yeast two-hybrid binding assay revealing interaction between human N2-Bus (bait) and human B-crystallin or HSP27 (prey). Shown are results of a PCR analysis that detects both N2-Bus and the respective sHSP in diploid yeast clones. These binding-positive clones were selected after testing yeast colonies for active -galactosidase using an X-Gal lift filter assay, in which the positive clones turned blue and could be distinguished from false positive interactions. (B) Summary of results of GST pulldown assays probing interaction between human N2-Bus and wild-type HSP27 (WT) or phosphomimicking mutants of human HSP27 (single point mutants: S15D and S82D; double mutant: S15/82D; triple mutant: S15/78/82D). Data are mean ± SEM; each column shows the mean result from four to six GST pulldown experiments. Figure S2 .  aggregation tendency of titin regions predicted by TANGO. The web-based algorithm TANGO (http://tango.crg.es/protected/academic/ calculation.jsp) was used to predict aggregating regions in unfolded human titin fragments. Conditions were set to pH 7, temperature, 300°K; ionic strength, 0.2 mol/l. Shown is the aggregation tendency for Z-disk-I-band junctional segment, Z9-I1 (A); four-Ig segment, I9-12 (B); N2-Bus (C); four-Ig segment, N2-A (D); and PEVK domain (E). Figure S3 . Myofibrillar (titin-based) dynamic stiffness versus pH. Dynamic passive stiffness of isolated single myofibrils was measured in relaxing buffer of variable pH. Single myofibrils isolated from rabbit cardiac or psoas muscle were attached to a force transducer and micromotor, respectively, stretched to 2.4-2.6-µm SL, and exposed to 20 Hz, 20 nm per half sarcomere, sinusoidal oscillations (inset). The amplitude of the force response to these perturbations was averaged over the recording period of 1 s and taken as a measure of dynamic stiffness. Data are normalized to stiffness at pH 7.0. Some skeletal myofibrils were incubated for 20 min with a Ca 2+ -independent gelsolin fragment to partially extract the actin filaments, before dynamic stiffness was recorded. Data are mean ± SD (n = 6-25 recordings from three to four myofibrils per symbol). Figure S4 . Predictions of force/titin based on a 3-element wormlike chain model of entropic elasticity, using data from single-molecule atomic force microscopy force measurements. (A) Hypothetical effect of B-crystallin on force per human titin, plotted against extension of the entire elastic I-band titin region or against SL. Wormlike chain model calculations were done using the same parameters as in Makarenko et al. (2004) , considering that adult human titin is expressed as a mix of 35% N2BA (3.3 MD) and 65% N2B (3.0 MD) isoforms (inset). Model parameters have been determined experimentally by single-molecule atomic force spectroscopy (Li et al., 2002) . The effect of B-crystallin on force/titin was modeled based on parameters published for the proximal Ig domains and the N2-Bus (Zhu et al., 2009) , the difference between the curves arising from the use of the following parameters: Ig domain unfolding: unfolding constant at zero force, K u o = 2.4E -3 s 1 for control; K u o = 1.4 E 4 s 1 for B-crystallin (unfolding transition, x u = 0.2 nm). Persistence length of the N2-Bus domain: P L = 0.7 nm for control and P L = 0.2 nm for B-crystallin. All other parameters in the model are identical for both curves. (B) Model predictions for compliant fetal N2BA (3.7 MD) and stiff adult N2B (3.0 MD) titin isoforms, as found in embryonic and adult rat cardiac sarcomeres, respectively (insets). The model again uses the parameters for titin domain elasticity determined by Li et al. (2002) . Fetal N2BA titin was considered to contain (within the elastic segment) 80 Ig domains, 572 residues in the N2-Bus, and 2,000 residues in the PEVK domain. Adult N2B titin was considered to contain 41 Ig domains, 572 residues in the N2-Bus, and 186 residues in the PEVK domain. Shown are two model results, one assuming that the Ig domains do not unfold (gray curves), and the other incorporating the probability of Ig domain unfolding measured by atomic force microscopy (red curves). Schematics on bottom illustrate the I-band regions of the large fetal N2BA (left) and adult N2B (right) titin isoforms in the unstretched and stretched state. Only the short/stiff N2B titin is predicted to unfold Ig domains in the stretched state. Figure S5 . Partial translocation of sHSPs to the Z-disk-I-band region of cultured fetal rat cardiomyocytes after proteasome inhibition. Representative immunofluorescence images of cardiomyocytes exposed to S26 proteasome inhibitor MG132 for 2 h. Antibody staining against endogenous HSP25/27 (A; rat HSP25 is homologous to human HSP27) and endogenous B-crystallin (B). Secondary antibodies: FITC-conjugated IgG; left panels) and counterstaining against A-band marker myosin-binding protein C (MyBP-C; secondary antibody: Cy3-conjugated IgG; top middle) or Z-disk marker -actinin (secondary antibody: Cy3-conjugated IgG; bottom middle). Right panels show merged images. Arrowheads point to Z-disk-I-band association of sHSPs. Bars, 10 µm. Table S1 . Human primer sequences used in this study 5'-AAAAGAATTCCCTGGAGGTGAAAAGAAAG-3' 3' PEVK 5'-TTTTCTCGAGGGTGAACGGGGCTT-3' Site-directed mutagenesis of HSP27 S15D, first reaction S15D, 5-CTGCGGGGCCCCGACTGGGACCCCTTC-3' WT, 3'-TTTTCTCGAGTTACTTGGCGGC-3' S15D, second reaction WT, 5'-AAAAGAATTCTAATGACCGAGCG-3'; 3' product from first reaction S82D, first reaction S82D, 5'-CTACAGCCGCGCGCTCGACCGGCAACTCAGC-3' WT, 3-TTTTCTCGAGTTACTTGGCGGC-3' S82D, second reaction WT, 5'-AAAAGAATTCTAATGACCGAGCG-3'; 3' product from first reaction Double mutant, S15/82D HSP27-S15D construct used as template; primers/reactions as for S82D Triple mutant, S15/78/82D Double mutant construct used as template S15/78/82D, first reaction S78D, 5'-CAGCCGGCAACTCGACAGCGGGGTCTCGGAG-3' WT, 3-TTTTCTCGAGTTACTTGGCGGC-3' S15/78/82D, second reaction WT, 5'-AAAAGAATTCTAATGACCGAGCG-3'; 3' product from first reaction
